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Figure S1: Experimental genotype-phenotype maps exhibit nonlinear phenotypes. 8

Plots show observed phenotype Pobs plotted against P̂add (Eq. 1) for data sets V through VII. Points 9

are individual genotypes. Error bars are experimental standard deviations in phenotype. Red lines 10

are the fit of the power transform to the data set. Pearson’s coefficient for each fit are shown on 11

each plot. Dashed lines are Padd = Pobs. Bottom panels in each plot show residuals between the 12

observed phenotypes and the red fit line. Points are the individual residuals. Errorbars are the 13

experimental standard deviation of the phenotype. The horizontal histograms show the distribution 14

of residuals across 10 bins. The red lines are the mean of the residuals. Datasets VI and VII form 15

distinct clusters because each map has a single, large-effect mutation. The two clusters correspond 16

to genotypes with and without the large-effect mutation. 17
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Figure S2: Nonlinear phenotypes can be transformed to linear scale to estimate 19

high-order epistasis. Flowchart shows the steps for estimating high-order epistasis in nonlinear 20

genotype-phenotype maps. The plots beneath the chart show this pipeline for data set II. In step 21

1, a power transform function is used to fit the Pobs versus P̂add plot and estimate the map’s scale. 22

In step 2, the inverse of the fitted transform is used to back-transform Pobs to a linear scale, Plinear. 23

In step 3, a linear, high-order epistasis model is used to fit the variation in Plinear. In the left plot, 24

points are individual genotypes, red line is the resulting fit and dashed line is the Padd = Pobs. 25

In the middle plot, the blue line is the new scale of Pobs after back transforming. In the right 26

plot, bars represent additive and epistatic coefficients extracted from the linear phenotypes. Error 27

bars are propagated measurement uncertainty. Color denotes the order of the coefficient: first (βi, 28

red), second (βij , orange), third (βijk, green), fourth (βijkl, purple), and fifth (βijklm, blue). Bars 29

are colored if the coefficient is significantly different than zero (Z-score with p-value <0.05 after 30

Bonferroni correction for multiple testing). Stars denote relative significance: p < 0.05 (*), p < 0.01 31

(**), p < 0.001 (***). Filled squares in the grid below the bars indicate the identity of mutations 32

that contribute to the coefficient. 33
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Figure S3: High-order epistasis is present in genotype-phenotype maps. A) Panels 35

show epistatic coefficients extracted from data sets V-VII (Table 1, data set label circled above 36

each graph). Bars denote coefficient magnitude and sign; error bars are propagated measurement 37

uncertainty. Color denotes the order of the coefficient: first (βi, red), second (βij , orange), third 38

(βijk, green), fourth (βijkl, purple), and fifth (βijklm, blue). Bars are colored if the coefficient is 39

significantly different than zero (Z-score with p-value <0.05 after Bonferroni correction for multiple 40

testing). Stars denote relative significance: p < 0.05 (*), p < 0.01 (**), p < 0.001 (***). Filled 41

squares in the grid below the bars indicate the identity of mutations that contribute to the coeffi- 42

cient. The names of the mutations, taken from the original publications, are indicated to the left of 43

the grid squares. B) Sub-panels show fraction of variation accounted for by first through fifth order 44

epistatic coefficients for data sets I-IV (colors as in panel A). Fraction described by each order is 45

proportional to area. 46
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Figure S4: Nonlinear phenotypes distort measured epistatic coefficients. Sub-panels 48

show correlation plots between epistatic coefficients extracted without accounting for nonlinear- 49

ity (x-axis) and accounting for linearity (y -axis) for data sets V-VII. Each point is an epistatic 50

coefficient, colored by order. 51
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Figure S5: Additive coefficients are well estimated, even when nonlinearity is ne- 54

glected. Sub-panels show correlation plots between both additive and epistatic coefficients ex- 55

tracted without accounting for nonlinearity (x-axis) and accounting for linearity (y-axis) for data 56

sets I-VII. Each point is an epistatic coefficient, colored by order. Error bars are standard deviations 57

from bootstrap replicates of each fitting approach. 58
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Figure S6: Exponential fitness model leads to global nonlinearity in the β-lactamase 60

data set (III). A) A recapitulation of the map used in the original publication (Weinreich et al. 61

2006). We first rank-ordered the genotypes according to the measured property (the minimum 62

inhibitory concentration of a β-lactam antibiotic against a clonal population of bacteria expressing 63

that protein). This gave us 13 classes of genotypes, as some genotypes had equivalent MIC values. 64

We then drew 3,000 random fitness values from the distribution W = 1+x, where x is an exponential 65

distribution centered around x̄ = 0.1. We took the top 13 values from this distribution and assigned 66

them, in value order, to each of the 32 β-lactamase genotypes. Panel A shows the average and 67

standard deviation of the fitness values W assigned to each of these ranks if we repeat the protocol 68

above 1,000 times. B) Best fit for the power-transform for data set III. Solid red line denotes the 69

best fit (nonlinear). This fit successfully pulls out the original distribution of W . 70
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